Incubation length, relative organ weights, and carbohydrate status were measured in chicks from hens at 29, 41, 53, and 65 wk of age. The variation in hatch time among eggs set together was not influenced by hen age, but mean incubation length decreased from 29 to 53 wk of age and subsequently increased from 53 to 65 wk. Seasonal temperature changes may have caused confounding effects on incubation length. Chick heart glycogen declined as hens aged, and liver lactate was lowest in progeny from 65-wk-old hens. Relative yolk sac weight and relative heart weight were lowest in progeny from 29-wk-old hens. These data indicate that underdevelopment of supply organs may limit the performance of some chicks from young hens. Supplemental zinc source in breeder hen diets did not influence chick physiology at hatching.
DESCRIPTION OF PROBLEM
Progeny from young broiler breeder hens are typically small and may perform poorly, especially when intermingled with larger chicks. McNaughton et al. [1] reported that 1 wk mortality of broilers from 29-wk-old breeders was 2.3% 1 To whom correspondence should be addressed: brianf@uga.edu.
greater than that of broilers from 58-wk-old breeders. Evaluating the physiological differences among chicks from broiler breeders of various ages may help identify the causes of the inadequate performances of chicks from young hens. Subsequently, these problems may be addressed to improve progeny quality throughout the reproductive period.
No universally accepted method to evaluate chick quality is available. Traditionally, subjective assessments have been made by observing physical characteristics. Cervantes [2] developed a system in which chicks were scored based on physical (50%) and microbiological (50%) status. Accordingly, physical parameters evaluated were chick weight, overall appearance, apparent level of hydration, alertness, and the appearances of the eyes, navel, vent, hocks, legs, toes, and beak. Microbiological score was based upon presence and levels of Salmonella (in yolk sac, ileocecal junction), coliforms (in yolk sac), Aspergillus (in lung), and Staphylococci (in yolk sac). In addition to parameters observed by Cervantes [2] , carbohydrate metabolism of the embryo and chick will alter hatching and subsequent performance [3, 4] .
Inadequate zinc intake by breeding hens results in low hatchability and poor chick quality [5] . Supplementing broiler breeder diets with organic zinc rather than inorganic zinc has increased progeny tibia weight [6] , thymus weight [7] , ventricular weight [8] , cellular immune response [6, 7, 9] , humoral immune response [9] , and livability [10] . In addition, yolk zinc concentration has been increased by supplementing hen diets with organic zinc rather than inorganic zinc [11] . Based on the stimulatory effect that zinc has on glucose utilization in humans and laboratory animals [12] , supplemental zinc source in breeder diets may alter carbohydrate metabolism in the chick.
The embryo's oxygen demand increases with age and will eventually exceed the oxygen diffusion rate through the eggshell near the end of embryonic development. This disparity will result in embryonic hypoxia [13] and requires the embryo to use anaerobic metabolism (gluconeogenesis and glycolysis) for energy production [14] . Glycogen is formed during embryonic development by glycosidic linkage of glucose subunits subsequent to gluconeogenesis [15] , and it is utilized as an energy source during the hypoxic conditions of hatching [3] . When blood glucose concentrations decline, the liver plays a critical role of converting lactate into glucose-6-phosphate and supplies energy to demand organs [16] . Cardiac and skeletal muscles are described as demand organs, because they lack the ability to recycle lactate [14] . Ultimately, low glucose status or abnormal glucose regulation may adversely affect the hatching process or subsequent chick performance.
Although carbohydrate metabolism has been measured previously with poults, similar data regarding physiological development of chicks are limited. The purpose of this experiment was to determine the effects of broiler breeder hen age and dietary zinc source in broiler breeder hen diets on chick characteristics at hatch.
MATERIALS AND METHODS

Experimental Diets and Bird Management
Chicks were hatched from slow-feathering Cobb 500 broiler breeder hens at 4 different ages (29, 41, 53 , and 65 wk). Treatments consisted of the 4 hen ages and 3 zinc sources supplemented in the hen diets. The hens were given 1 of 3 diets from 0 through 65 wk of age (Table  1) . Experimental diets consisted of 160 ppm supplemental Zn from ZnSO 4 , AvailaZn zinc-amino acid complex (ZnAA), or a combination of ZnSO 4 and AvailaZn (ZnSO4+ZnAA, 80 ppm zinc from each). The supplemental zinc concentration used in this experiment was similar to that used with inorganic zinc supplements in the commercial poultry industry. Inductively coupled plasma analyses were conducted in duplicate to determine the zinc content of the basal and experimental diets [17] . Determined or analyzed concentrations were comparable to calculated concentrations throughout the experiment (basal: average calculated value = 31 ppm; analyzed value = 39 ± 8 ppm; supplemented: calculated value = 172 ppm; analyzed value = 185 ± 36 ppm; n = 18). Differences between calculated and analyzed concentrations were likely due to an underestimation of zinc in the corn and soybean meal.
Pullets were raised on pine shavings in 3 environmentally controlled rooms (1 room per dietary treatment) with 8-h day lengths. Dietary treatment and environment were confounded during the rearing period, but the integrity of the experiment was not compromised due to similar environmental conditions maintained in all rooms. Birds were randomly assigned to cages in a laying facility at 20 wk of age, and 16 h light/d was provided. There were 8 replicate groups of 24 caged hens in each dietary treat- ment with 2 hens per cage for a total of 192 hens per dietary treatment. After hens were caged, 1 replicate group per treatment was labeled and weighed weekly through 40 wk and biweekly thereafter to determine feed allotments. Management was provided according to primary breeder recommendations, and feed allotments adjusted to achieve target BW suggested by a broiler integrator.
Incubation Procedures
Hens were artificially inseminated with 50 µL of neat semen on 2 occasions (5 d prior to egg collection and 1 d after egg collection began) for each of the 4 hen age periods. Eggs that were laid at 29, 41, 53, and 65 wk of breeder age were incubated and hatched in incubators and hatchers [18] . An average of 76 hatching eggs were set from each replicate group of hens at each of the 4 hen ages. Eggs from 29, 41, 53, and 65 wk of breeder age were set during January, April, June, and September, respectively. Incubation temperature settings from 0 to 18 and 19 to 21 d of incubation were 37.8 and 37.2°C, respectively. Relative humidity settings at 0 to 19 and 20 to 21 d of incubation were 53 and 70%, respectively. Hatching eggs from each replicate group of 24 hens represented an experimental unit. Eggs were randomly set and transferred by replicate group into the incubator and hatcher, respectively. Each treatment was represented with eggs from 1 replicate group within each of Means with different superscripts within a column signify significant differences (P ≤ 0.05). the 8 designated areas within the incubator and hatcher. Eggs were turned hourly from 0 to 18 d of incubation, and they were transferred to hatchers after 18 d of incubation. Chicks that had dry down except for dampness on the back of the neck were removed and counted on 4-h intervals from 468 through 528 h of incubation. Mean incubation length and distribution of incubation length were calculated. All hatching eggs laid on a single day were weighed on 4-wk intervals from 26 to 66 wk of age.
Physiological Development of Chicks
To evaluate physiological development of chicks, 2 chicks from each replicate group of hens were randomly removed from the hatcher at 492 h (20.5 d) of incubation. Two chicks from each replicate were assessed at each age so that sampling could be completed in a timely manner, and hatching or holding times did not influence the results. After being weighed, chicks were decapitated, and trunk blood samples were collected in tubes containing 72 USP units of sodium heparin. Blood plasma was stored at −4°C until analyzed for glucose concentration [19] . Yolk sac, heart, liver, and pipping muscle were excised from each chick and weighed to the nearest 0.001 g. The portion of the small intestine between the bile duct entry and the cecal branch was removed. The intestinal segment was then separated into jejunum and ileum sections at Meckel's diverticulum [20] and blotted dry. The unstretched length and weight of each segment was then measured. Yolk sac weights are presented as a percentage of chick weight, and all other organ (liver, heart, pipping muscle, jejunum, and ileum) weights are presented as percentages of yolk sac-free chick weight.
Left and right liver lobes were separated at the narrowest junction. Right liver lobes were held at −4°C until analyzed for zinc concentration on a dry matter basis by inductively coupled plasma analyses [17] . Left liver lobes and hearts were immediately placed in a cold 7% perchloric acid solution [21] . The homogenates were centrifuged at 700 g for 10 min at 4°C. Glycogen and lactate concentrations were determined in the supernatant fraction. Glycogen concentrations in heart and liver homogenates were assayed by the technique of Dreiling et al. [21] . Lactate concentration was measured in liver and heart homogenates by techniques described by Donaldson and Christensen [22] . Data were subjected to ANOVA for statistical analyses [23] .
RESULTS AND DISCUSSION
Incubation Length
The effects of hen age will be primarily discussed in this article because dietary zinc source had limited effects on the chick characteristics evaluated. Incubation period generally lengthens as hen age progresses and egg size increases [25, 26, 27] . In this experiment, egg weight increased rapidly until approximately 48 wk of age ( Figure  1) . However, the mean incubation length declined consistently from 29 to 53 wk of age and increased from 53 to 65 wk of age (Table 2) .
Results from this study indicate that variation in hatch time within each age group was not significantly different (Table 2 ). These data agree with Reis et al. [28] , who reported that hen age (33 vs. 49 wk) did not alter distribution of incubation length. Although hen age did not affect variation of hatching time, age influenced the time that hatching initiated ( Figure 2 ). Hatching was delayed in progeny from 29-wk-old hens. Only 10.0% of the total chicks from 29-wk-old hens had hatched at 480 h of incubation, but 24.6, 46.6, and 28.3% of chicks hatched from 41-, 53-, and 65-wk-old hens, respectively (P < 0.05). After 492 h of incubation, 79.9, 86.7, 91.7, and 85.2% of total chicks hatched from 29-, 41-, 53-, and 65-wk-old breeders, respectively (P < 0.05).
Incubation length may be prolonged in eggs from young hens for several reasons. Embryos from young hens are less advanced at oviposition and have lower metabolic rates during the first 2 d of incubation [29] . Relatively little blastoderm development at oviposition may be due to shorter durations of eggs in the oviduct [30] in combination with superior albumen quality, which may allow less gas exchange and oxygen availability in the oviduct [31] . In addition to the previously mentioned reasons, relatively low seasonal temperatures may have been responsible for prolonged incubation length of eggs from 29-wk-old hens. Increasing ambient temperatures associated with the changing seasons (January to September) were likely responsible for decreasing incubation lengths as hens aged. High temperatures in the breeding facility and hatchery during the late spring and early summer might have accelerated embryonic development.
Body and Organ Weight
McNaughton et al. [1] reported that average BW of chicks from 29-wk-old broiler breeders Means with different superscripts within a column signify significant differences (P ≤ 0.05). was approximately 6 g less (P < 0.05) than that of chicks from 58-wk-old breeders. In this study, BW of chicks from 41-wk-old hens was 8.5 g greater than BW of progeny from the same hens at 29 wk of age ( Table 3 ). The weights of chicks from 65-wk-old hens were also significantly greater than chicks from 41-wk-old hens. Age effects on yolk-free chick weight followed the same trend.
Organ weights from chicks at hatching were influenced by age of the breeders (Table 3) . Relative liver weights of progeny were lowest at 41 wk, highest at 53 wk, and intermediate at 29 and 65 wk of age. Relative heart weights in progeny were lowest when hens were 29 wk of age, indicating that chicks from young hens may have a limited ability to supply nutrients to demand organs. Fairchild and Christensen [32] suggested that poults with relatively low heart or liver weights might be at a disadvantage because of underdevelopment of these supply organs. Dietary zinc source did not influence progeny heart weights in this experiment or in other research [33] , but supplementing broiler breeder diets with zinc and manganese has increased ventricular weight of progeny [8] . Virden et al. [8] suggested that higher zinc and manganese supplementation in breeder diets could enhance cardiac output and reduce ascites in broilers.
Relative yolk sac weight at 29 wk of age was significantly lower than at subsequent hen ages (Table 3) . These data agree with previous reports of increasing relative yolk sac weights as broiler breeder hens [34, 35] and turkey hens [36] age. However, Latour et al. [37] reported that relative yolk sac weights of chicks from 51-wk-old breeders were smallest when compared with chicks from the breeders at 36 and 64 wk of age.
Chick jejunum weight, length, and density were greatest when hens were 53 wk of age (Table 4) . Since small intestine length [38] and luminal surface area [39] have been directly related to rapid growth of poultry, intestinal data may imply that growth of chicks from 53-wkold hens may be enhanced. It is not clear why jejunum development was greatest in progeny of 53-wk-old hens. The only noticeable differences at 53 wk were the warmer seasonal temperatures and an earlier mean hatch time of 2 Means with different superscripts within a column signify significant differences (P ≤ 0.05). hr. Hot conditions in the breeder facility and hatchery may have altered embryonic development prior to artificial incubation.
Progeny from 53-wk-old hens had increased ileum lengths when hens consumed ZnSO 4 (14.0 mm) rather than ZnAA (12.3 mm) or ZnAA+ZnSO4 (12.2 mm). This may suggest that nutrient absorption would be improved in these chicks. However, these differences due to dietary zinc source may have been influenced more by high seasonal temperatures at 53 wk rather than hen age. Pharmacological levels of dietary zinc have prevented duodenal regression in molted laying hens [40] and stimulated enterocyte development of weanling pigs [41] , but no prior research has reported a relationship between dietary zinc in hen diets and ileum length in progeny.
Carbohydrate Metabolism
Researchers have reported that plasma glucose is replenished as hepatic glycogen stores are depleted in poults exposed to stressors or held for extended periods [42, 43, 44] . Therefore, high glycogen concentrations in chicks are desirable as an energy reserve during servicing and transport to growout facilities. Applegate and Lilburn [45] reported that poults from young hens had higher fasting plasma glucose concentrations than those from older hens. In another experiment, ducklings from younger hens maintained elevated blood glucose concentrations (33 wk = 374 mg/dL; 48 wk = 273 mg/dL) at 60 min after a glucose injection compared with ducklings from younger hens [46] . The authors suggested that metabolic homeostasis might be poorly controlled in progeny from young hens.
Carbohydrate metabolism was influenced by hen age (Table 5 ). Plasma glucose concentrations of progeny were lowest when hens were 53 wk of age. Conversely, Latour et al. [34] reported that chicks from 26-wk-old hens had lower plasma glucose concentrations than chicks from 36-or 48-wk-old hens. Reasons for inconsistencies between these 2 research reports are not clear. Although, it is possible that rapid development of embryos from 53-wk old hens increased glucose catabolism during incubation, resulting in lower plasma glucose concentrations at hatch. If low glucose status occurred with progeny from 53-wk-old hens, it would be expected that hepatic glycogen would be expended or glycolytic activity would be depressed in the liver. However, similar concentrations of hepatic Means with different superscripts within a column signify significant differences (P ≤ 0.05). glycogen in chicks from each of the hen age groups suggest that this did not occur.
Breeder age had no influence on glycogen concentration in chick livers (Table 5 ). In contrast, Christensen et al. [47] reported that young turkey hens produced embryos with greater amounts of glycogen than did older hens, perhaps due to a limited ability of these chicks to catabolize glycogen. Glycogen concentration in the heart decreased consistently as the parents aged. This may indicate that more glycogen is mobilized from the liver to peripheral organs in embryos from young hens. Hen age did not alter lactate concentration in the heart (Table 5 ). Liver lactate concentration was lowest in progeny from 65-wk-old hens, suggesting that more lactate was recycled to glucose.
CONCLUSIONS AND APPLICATIONS
1. Chicks from 29-wk-old hens had lower relative yolk sac weight and relative heart weight. These may be critical factors limiting the performance of chicks from young broiler breeder flocks. 2. Carbohydrate metabolism of progeny was influenced by broiler breeder hen age. Further research is needed to determine the relationship between carbohydrate status of chicks and subsequent performance. 3. Zinc source in hen diets did not influence the variables used in this study to assess the physiological development of their progeny.
These data indicate that incubation length generally shortened as hens aged, but rising environmental temperatures may have increased the embryonic development rate as hens approached 53 wk of age. Less developed hearts and yolk sacs observed in chicks from young hens may limit their performance. Breeder hen age influenced progeny plasma glucose, heart glycogen, and liver lactate concentrations, suggesting a difference in initial carbohydrate availability or carbohydrate metabolism. Dietary zinc in broiler breeder hen diets had little impact on variables used to assess physiological status of chicks in this experiment. Additional work is needed to determine how modifications to breeder and hatchery management can improve chick physiology at hatching to optimize subsequent performance.
